INTRODUCTION
Orthodontists will tell you that many people, young, middle-aged and old, continue to request (and occasionally demand) orthodontic treatment for themselves or for their children. There is a perception that orthodontics will not only improve their dental aesthetics, but will provide more global benefits in terms of health and well-being. Waiting lists are frequently long and the cost to the NHS in England was £258m in 2010-2011 (approximately 10% of the NHS annual spend on dentistry). 1 In a healthcare system where resources are finite and often overstretched, it is important that those who provide, as well as those who commission healthcare, constantly question the contribution of interventions to improving the health of the population.
In this article we aim to outline some of the evidence for and against the claims that people with a malocclusion are at a disadvantage compared with those without a malocclusion and that orthodontic treatment has significant health benefits. This is not a comprehensive and systematic review of the entire scientific literature. Rather the Orthodontic treatment is as popular as ever. Orthodontists frequently have long lists of people wanting treatment and the cost to the NHS in England was £258m in 2010-2011 (approximately 10% of the NHS annual spend on dentistry). It is important that clinicians and healthcare commissioners constantly question the contribution of interventions towards improving the health of the population. In this article, the authors outline some of the evidence for and against the claims that people with a malocclusion are at a disadvantage compared with those without a malocclusion and that orthodontic treatment has significant health benefits. The authors would like to point out that this is not a comprehensive and systematic review of the entire scientific literature. Rather the evidence is presented in order to stimulate discussion and debate.
between the presence of crowding and susceptibility to caries or periodontal disease in the presence of good oral hygiene. 5 Primary crowding, caused by an inherent tooth/arch size discrepancy, tends to manifest itself in the incisal region, which is more resistant to caries than the posterior teeth. In addition, the multifactorial nature of dental disease means that the incidence is influenced by numerous factors, including socioeconomic status. Children from more deprived backgrounds tend to not only have higher levels of caries, but generally have poorer access to dental and orthodontic treatment. By the very process of undergoing orthodontic treatment a child is introduced to the concept and value of good oral hygiene and children who have received orthodontic treatment have been shown to have lower plaque scores. 6 This might influence the level of dental disease they will experience throughout life. In addition, they may be more likely to look after their teeth if they are happy with their smile and dental aesthetics following orthodontic treatment. If a family from a deprived background does access dental or orthodontic care in the first place, it is difficult to assess whether it is the presence of the malocclusion or other factors that influence the levels of caries and periodontal disease the children will experience throughout life.
Certain specific occlusal traits, such as a traumatic overbite or an anterior crossbite with mandibular deviation, can be associated with periodontal breakdown and orthodontic treatment in these situations can help reestablish periodontal health. 7 • Explains that there is a sustained demand for orthodontic treatment, from all ages of the population.
• Suggests that a significant proportion of NHS dentistry expenditure is on orthodontic treatment.
• Stresses that it is important in a social healthcare system that this expenditure is justified. 21 Eruption of the maxillary central incisors can also be delayed in the presence of a supernumerary. Again removal of the supernumerary and exposure of the tooth followed by orthodontic traction has a very high success rate.
I N B R I E F GENERAL

Management of speech problems
Speech represents a complex interaction between the higher brain functions and the organs of speech (the lips, tongue, alveolar ridge, hard and soft palate, uvula and glottis). Essentially, pulmonary pressure, provided by respiration and phonation, is created by the glottis in the larynx and then modified into vowels and consonants. The production of consonants in particular, requires articulation, and certain sounds such as 't' and 'd' are known as dental consonants, as they are articulated with the tongue against the palatal aspect of the upper incisors. It would therefore seem logical that certain types of malocclusion would cause articulatory speech disorders; however as always when dealing with malocclusion it is not a simple case of cause and effect. 22 Certain conditions, such as cleft of the soft palate, can have a profound effect on speech as the palate fails to create a posterior seal on phonation and air escapes up into the nose causing hypernasality of the speech. An anterior open bite is associated with misarticulation of 's', or a lisp; 23 however with normal oral function, even in the presence of a malocclusion, there seems to be huge potential for compensation and there is little substantial evidence that orthodontic correction, even involving orthognathic surgery for severe skeletal discrepancies, will resolve articulatory problems without the adjunct of speech therapy.
24
Dental health: summary It would seem, therefore, that the evidence supporting claims of significant dental health improvements following orthodontic treatment are tenuous; however it is increasingly recognised that the health of individuals should be defined, not only in terms of the presence and absence of physical disease and pathology, but more widely in terms of their psychological and social well-being.
PSYCHOLOGICAL WELL-BEING
Psychologists have struggled to define psychological health and well-being for many years, but psychologically healthy people are generally considered to be constructive about themselves (a positive self-concept or
Prevention of dentoalveolar trauma
A large cross-sectional, observational study undertaken in Scandinavia showed that an increased overjet, associated with a class II division 1 type malocclusion, increases the risk of dentoalveolar trauma significantly, especially in boys.
14 It is debatable whether early orthodontic treatment carried out in the mixed dentition to reduce an increased overjet is effective in reducing the incidence of new trauma. Data from three large randomised controlled trials looking at early intervention, using either functional appliances or headgear for Class II malocclusions have produced ambiguous results. Taken individually none of these studies found any difference in the incidence of trauma between those patients who had undergone early treatment and patients who had undergone comprehensive treatment in adolescence. [15] [16] [17] A recent systematic review has combined the results for the three studies and found a small, but statistically significant difference, with the early treatment group experiencing less trauma; 18 however the authors of one of the original studies noted that most of the trauma experienced was minor and in order to reduce the risk of trauma, orthodontic treatment would need to be started in the early mixed dentition stage, fairly soon after the maxillary incisors had erupted, in all children with an increased overjet. 15 Considering the greater financial burden it would incur to treat all these children, it is probably not cost effective in the majority of cases. There are, however, some patients who present with gross lip incompetence and very protrusive maxillary incisors who could be considered to be at a higher risk of damaging their incisors, especially if they have a history of trauma. In these cases early intervention to reduce the overjet may be warranted.
Treatment of impacted teeth
After third molars the most common tooth to have disordered eruption is the maxillary canine. Palatally displaced maxillary canines are present in about 2% of the population 19 and a significant percentage cause root resorption of the adjacent incisors. When using plain radiographic films, root resorption was found to be present in about 12% of people with palatally displaced maxillary canines; 20 however, the prevalence of root resorption was found to be much higher when investigated using cone beam computed tomography. 2 The ultimate sequelae of severe root resorption is mobility and possible loss of the affected teeth if left untreated; however if the ectopic tooth is diagnosed early enough, intervention in the form of surgical exposure of the impacted tooth and orthodontic mechanical traction can prevent
Improvement in function
Our pre-historic ancestors relied on a good occlusion to function effectively by allowing them to masticate a coarse diet and tear meat from bone. In modern societies, with a much softer diet than previously, an ideal occlusion or indeed teeth are no longer necessary for survival; but it does appear that having a normal occlusion improves mastication and function. By looking at how many chewing cycles it takes to break down a bolus of food, it has been shown that the presence of a malocclusion does reduce masticatory efficiency, especially if it is associated with reduced occlusal contacts. 8 This will also affect muscle function, which in turn will reduce masticatory efficiency. Functional problems, such as crossbites with mandibular deviation, have also been shown to result in asymmetric muscular activity during mastication and reduced bite force. 9, 10 How much effect this has on everyday life is debatable, but individuals with malocclusions do report a higher impact on their oral health related quality of life in terms of function, than individuals with normal occlusions. 11 Certain occlusal traits can make eating difficult or socially embarrassing. These include anterior openbite, which makes incising certain foods almost impossible and is often the patient's main complaint. Nevertheless, while there has been a lot of debate in dentistry about the relative importance of an ideal occlusion, there is little evidence that in its absence there are any long-term health problems.
Prevention and treatment of temporomandibular joint disorders
The influence of occlusion and orthodontics on the health of the temporomandibular joint is an area of controversy. Several large observational studies have linked various occlusal traits with the signs and symptoms of temporomandibular joint disorders, including crossbites, anterior openbite and increased overjets; 10, 12 however these are based on weak correlations, which in themselves do not prove causation. This is in part because temporomandibular joint disorders represent a complex, poorly understood, collection of conditions, with a multifactorial aetiology. While there is no evidence that orthodontic treatment causes temporomandibular joint dysfunction, conversely it has not been shown that correction of a malocclusion will either prevent or relieve the signs or symptoms of the disorder. 13 Rather, the condition should initially be treated conservatively, using reversible methods, before any complex orthodontic treatment.
GENERAL
a person with high self-esteem. This will help to explain why some people appear upset about relatively minor abnormalities, while others, with much more severe conditions, are not bothered. Further research needs to be undertaken in this area.
SOCIAL WELL-BEING
Social well-being might be considered distinct from psychological well-being. Whereas psychological well-being reflects how content we are with ourselves, social well-being reveals how we interact with other people and with our community. Several well-designed studies, using qualitative research methods have confirmed that young people with malocclusion, who seek orthodontic treatment, are dissatisfied with and have a sense of shame about the appearance of their teeth. [44] [45] [46] This perceived feeling of being unattractive and different to other people is made worse by the expression of supposed societal norms, through peer group pressure and images in the media. The awkwardness that young people feel about the appearance of their teeth leads to various coping strategies in social situations, including not showing their teeth when they smile, avoiding having their photograph taken and embarrassment when their photographs are shared through social media. It can also lead to approaches designed to hide their teeth, including placing their hand across their mouth when they smile. 46 The view of young people that others perceive them differently due to the appearance of their teeth has, to a certain extent, been confirmed by the work of Shaw. Using a technique of altering the arrangements of the teeth on standardised photographs of young people smiling, Shaw and colleagues showed that the appearance of teeth could influence the social judgements made by their peers about the person in the photograph; 47, 48 however, dental appearance did not affect the judgements made by teachers. 49 The influence of dental appearance could, however, be surpassed by the overall attractiveness of the face. 47, 48, 50 Teasing or bullying of young people due to the appearance of their teeth has been reported frequently in the literature, from many different societies and cultures. [51] [52] [53] [54] [55] [56] [57] Victims are particularly concerned when they are teased about the appearance of their teeth 51 and orthodontic treatment can help to alleviate this. 58 Research is now focused on ways of measuring the physical, functional, emotional and social impacts of conditions upon a person's daily life through the various concepts of quality of life, health and oral health-related quality of life.
independence, all of which present unique challenges to both patient and clinician. 28 It has been shown that self-esteem is least stable during early adolescent, but that stability progressively increases into early adulthood. 26, 29 This life-span trajectory is influenced by the individual's ethnicity, socioeconomic status, general health, but especially by their level of education, with more highly educated individuals demonstrating higher self-esteem, than did those less well-educated individuals.
The finding of these studies (and many others) suggests to us that psychological well-being, including self-esteem, is influenced by numerous factors in a person's life and is in a particular state of flux during adolescence, when orthodontic treatment is commonly experienced. Shame and embarrassment about the appearance of the teeth is only a small part of these complex interrelationships for most people. We believe, therefore, it is unrealistic to expect that major long term changes in psychological well-being could be demonstrated as a result of straightening someone's teeth. One randomised controlled trial did find a short term improvement in self-concept when children with a Class II division 1 malocclusion were treated early (aged 8-10) compared with an untreated control; 30 however other studies have found that orthodontic treatment has no effect on the psychological well-being of individuals, and self-esteem in particular, over the long term. [31] [32] [33] This has not been a surprising finding to others either. 34 Pitner cites the work of Diener and colleagues, who have studied the ability of people to adapt over time to new situations and extreme life events. 35, 36 There is evidence that intensive and sometimes prolonged psychological interventions can improve psychological well-being; 37 however we would be interested to know if this has been claimed for any dental or healthcare interventions, other than orthodontics. We undertook a brief search through the literature and were unable to find anything. This is not to imply that psychological well-being is not important. Recent research suggests that a person's psychological make-up is an important mediating factor in determining how people respond to their circumstances and to new challenges. Orth and colleagues 38 found that better life outcomes were usually a consequence of, rather than a cause of high self-esteem. It has also been found that psychological factors might explain more about the impact of dental disorders upon individuals than their clinical symptoms. [39] [40] [41] [42] [43] In other words, the appearance of an individual's teeth might concern a person with low self-esteem much more than self-image), value themselves as individuals (positive or high self-esteem) and find life productive and satisfying. Psychological health and well-being should not be confused with mental or emotional disorders or with changes in mood, for example a psychological healthy person can still feel sad or distressed; however they tend to cope effectively with challenges and set-backs. There now appears to be a broad consensus in the scientific literature that the effectiveness of coping strategies can have a significant influence on health and psychological well-being. 25 There has been much discussion among psychologists about whether psychological well-being can be considered a trait, which remains relatively stable over time, or a state that changes in response to situations and the environment. Recent longitudinal research has found that self-esteem shares the characteristics of certain personality traits, including emotional stability, extraversion, and conscientiousness. 26 There seems to be agreement that personality can influence psychological well-being, including self-esteem and satisfaction with life; however the debate continues about how much a person's character is determined by their genetics and how much by their environment (nature vs nuture). 27 Orth and colleagues 26 found no association between self-esteem and various relationship factors, such as relationship satisfaction, marital status and social support, or to stressful life events suggesting that self-esteem is quite a stable characteristic. Chung and colleagues, 25 investigating the self-esteem of young people during their college education, found that the participants' relative position within the sample was stable over time, that is, if the young person started college with high self-esteem this was maintained over four years. They also found a consistent pattern of decline in self-esteem during the first year of college, which then rose during subsequent years to be higher at the end of the course than at the start. They conclude that self-esteem, like other personality traits, shows continuity over time, but that it could also change in systematic ways.
So where does this leave us in regard to the influence of malocclusion on psychological well-being? If an individual's environment (rather than their genetic make-up) has a strong influence on their psychological well-being, then correcting their malocclusion might have a positive effect; however another complicating factor is that orthodontic treatment is frequently undertaken in young people going through adolescence. During this time the young person is gaining physical, psychological and social maturity, as well as developing their own identity and GENERAL that malocclusion has on young people's daily lives and have suggested the development of a malocclusion specific measure of OHQoL for young people with malocclusion. The use and interpretation of data from generic and/or condition-specific measures of OHQoL continues to be the subject of much debate and research. 100 
CONCLUSIONS
Correction of a malocclusion can lead to significant short and long-term dental health improvements for individual patients; however it is unlikely that a substantial oral health benefit, from orthodontic treatment, at the population level can be proved. It is also unrealistic to expect that correction of a person's crooked teeth will radically change their psychological make-up, which is complex and subject to many influences, including the personality of the individual.
The main value of orthodontic treatment is to allow individuals to cope more effectively in social situations, without concern for the appearance of their teeth. In a health service context this is wholly compatible with the WHO definition of health as 'a state of complete physical, mental and social wellbeing and not merely the absence of disease or infirmity' .
There will be an increasing use of patient reported outcome measures (PROMs), such as OHQoL questionnaires, to assess the need for and the benefits of orthodontic treatment. PROMs should also be used in the future, as the predominant primary outcome in clinical trials designed to investigate differences between orthodontic treatments. This will help to identify the most efficient way of reducing the social impact of a malocclusion with the minimum impact on the patient.
One thing is certain, that with an increasing awareness and emphasis placed on physical appearance, beauty and youthfulness, there appears to be little doubt among the general public concerning the value of good dental aesthetics and an attractive smile. This probably explains the ever increasing demand for orthodontic treatment.
for orthodontic treatment. 11, [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] The principal areas that impacts are registered are in the questionnaire domains that record emotional and social well-being. A systematic review of the literature concluded that the relationship between malocclusion/orthodontic treatment need and OHQoL was moderate; 86 however due to differences in methodologies between studies, the authors commented that they were unable to undertake a meta-analysis to investigate the statistical relationships more fully.
Recently, various studies have looked at the impact of malocclusion on OHQoL in children and adolescents of differing age groups. A number of studies focusing on pre-school children, often aged five years or below, failed to demonstrate an association between the presence of a malocclusion and OHQoL, 87, 88 while other studies based on adolescents between the approximate ages of 11-15 years, have found the presence of a malocclusion to have a negative impact on OHQoL. 74, 89 Various factors may account for the disparity observed in the different age groups. Firstly, the presence of more severe forms of malocclusion, such as severe crowding or severe skeletal discrepancies causing an extreme overjet, often manifest in the mixed or permanent dentition, which may account for the negative impact that malocclusions have on OHQoL in such age groups. Secondly, the lack of impact that malocclusions have on OHQoL in pre-school children may be related to the lack of importance that such age groups give to aesthetics.
Fewer studies have reported evidence that correction of a malocclusion with orthodontic treatment leads to an improvement in OHQoL. Some studies, using a cross-sectional design, have found that individuals who have undergone orthodontic treatment had a better OHQoL than individuals who have not undergone orthodontic treatment. 65, 90, 91 Other studies have found no difference in the OHQoL between treated and untreated groups. 92 There have been a small number of longitudinal studies, all of which have found an improvement in OHQoL following orthodontic treatment. 42, [93] [94] [95] [96] Furthermore, a case controlled study also reported fewer physical, psychological and social impacts on daily performance associated with a malocclusion, in patients that had received orthodontic treatment, compared to those who had not. 97 There is still a vigorous debate in the research community about the concept of OHQoL, what OHQoL questionnaires measure and how they should be used in the future. [98] [99] [100] Marshman and colleagues 101 have expressed concern that generic measures of OHQoL might not fully capture the impact
Quality of life
The World Health Organisation (WHO) defines quality of life as 'an individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns' . 59 The influence of health upon a person's overall quality of life is defined in the concept of health-related quality of life (HRQoL). The impact of oral and dental conditions upon a person's overall quality of life may be summarised using the concept of oral health-related quality of life (OHQoL). This was defined by the Department of Health in 1994 as the 'standard of health of the oral and related tissues which enables an individual to eat, speak and socialise without active disease, discomfort or embarrassment and which contributes to general well-being. ' 60 Researchers attempt to measure HRQoL by asking specific questions about the impact of a condition on a person's daily life. The questions are carefully selected through qualitative interviews of affected individuals and then rigorously tested for validity and reliability, using both qualitative and quantitative research methods. 61, 62 Several measures of OHQoL have been developed for use with either adults or young people. The most frequently used with young people is the Child Perceptions Questionnaire. 63 It could be argued that orthodontic treatment is primarily concerned with correcting variations of an arbitrary norm, with justification of treatment often based on improvements in OHQoL. This concept is well recognised, and academics have emphasised the importance of including not only clinical, but also patient-centred outcome measures, such as changes in OHRQoL, when carrying out orthodontic research, as the two may not demonstrate a direct correlation. 64 There are two principal questions regarding the influence of malocclusion and Orthodontic treatment on OHQoL, which are:
• Do people with malocclusion have a worse OHQoL than those without malocclusion? • Does the correction of malocclusion (orthodontic treatment) improve OHQoL?
Numerous studies, from many population groups around the world, using different generic measures of OHQoL, have found that people with a significant malocclusion, (usually defined with a normative measure of treatment need, such as the index of Orthodontic Treatment Need, or IOTN) have worse OHQoL than those with a minor or no malocclusion. This has been found in non-clinical populations (mainly schoolchildren) [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] as well as young people referred
